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Abstract 
This study was to evaluate meat potential of Serrana goats, raised under harsh conditions of the mountains of NE Portugal. 
Sixteen males of the local Serrana goat breed were taken from different herds in Montesinho Natural Park in NE Portugal. 
Allometric coefficients of different body tissues and carcass were calculated. Shoulder and leg were earlier developing than loin 
and breast. Muscle was isometric (b = 1.07; P 2 0.05) and bone was the most precocious tissue (b = 0.763; PI 0.01). Different 
fat deposits were later developing, with allometric oefficients (PI 0.01) higher than 1 .O, and the order of fat deposition was: 
subcutaneous fat, intermuscular fat, mesenteric fat, kidney knob and channel fat (KKCF - the perinephric and retroperitoneal 
fat) and omental fat. Subcutaneous and intermuscular fat deposits, which were later developing in relation to BW, were isometric 
in relation to total fat of carcass. All fat deposits in the different carcass joints (with the exception of fat deposits in leg and 
shoulder and the subcutaneous fat in loin and neck) had allometric oefficients (PsO.01) higher than 1.0. Sites of the later 
subcutaneous fat deposition were breast and chump, whereas later intermuscular fat depositions were in loin and breast. The 
results suggest hat intermuscular fat is later developing than subcutaneous fat in relation to half carcass weight. The higher 
proportion of muscle and lower proportion of subcutaneous and intermuscular fat deposits indicate the potentialities of the 
Serrana breed as a source of lean meat, according to the consumption preferences of the Mediterranean area of the European 
Union. 
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1. Introduction 
In most countries, goats are considered almost exclu- 
sively as meat animals (Gall, 1981). Particularly in NE 
Portugal, goats supply meat mainly in small commu- 
nities, because they produce light carcasses that can be 
consumed entirely by a family or groups of families 
* Corresponding author. 
without the necessity of cutting and processing meat. 
According to Naudt and Hofmeyr (1981) the eco- 
nomic value of a carcass depends upon yield of saleable 
meat as well as cutting and processing quality of the 
meat. 
Proportions of muscle and fat vary greatly according 
to breed, carcass weight, age of animal and plane of 
nutrition. The effect of plane of nutrition on growth 
and development has been studied by Wilson ( 1958a, 
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Table 1 
Means and standard errors (SE) of characteristics measured 
(n= 16) 
Variable Mean SE 
BW (kg) 13.7 1.24 
Empty BW (kg) 11.8 1.09 
Carcass weight (kg) 6.9 0.67 
Half carcass weight (kg) 3.5 0.34 
Omental fat (g ) 247.4 52.71 
Mesenteric fat (g) 162.6 26.54 
KKCF (g)” 164.4 36.10 
Muscle(g) 2029.7 194.91 
Subcutaneous fat (g) 99.4 13.82 
Intermuscular fat (g) 394.5 56.73 
Bone(g) 625.4 46.69 
Carcass 
Muscle % 59.1 0.07 
Subcutaneous fat % 2.7 0.02 
Intermuscular fat %O 10.6 0.07 
Bone %O 19.0 0.07 
Remainder %b 8.6 0.03 
“KKCF, kidney knob and channel fat (the periphrenic and retroper- 
itoneal fat). 
‘Remainder - major blood vessels, ligaments, tendons, and thick 
connective tissue sheets associated with some muscles. 
1960) and Treacher et al. (1987). Wilson (1958b) 
noted that changes in proportions of several body tis- 
sues during growth were chiefly due to a large increase 
in the proportion of muscle. Several authors have 
reported that, in goats, the subcutaneous fat is less 
important than the intermuscular fat. 
According to Gall (1982) between breeds a large 
heterogeneity in results of goat carcass composition can 
be found. Partition and growth of tissues should be 
determined for each breed. Morand-Fehr et al. ( 1976) 
Table 2 
Allometric coefficients (b) of carcassjoints in relation to half carcass 
weight (n= 16) 
Carcass joints (kg) R2 s$ 
Leg weight 0.99 0.02 
Chump weight 0.98 0.03 
Loin weight 0.98 0.03 
Ribs weight 0.96 0.04 
Anterior ribs weight 0.93 0.05 
Shoulder weight 0.99 0.02 
Breast weight 0.99 0.02 
Neck weight 0.98 0.02 
bfl forPsO.O5;**b#l forP1O.O1. 
sb b 
0.02 0.90** 
0.04 1.05 
0.05 1.16** 
0.053 0.96 
0.06 0.90 
0.02 0x4** 
0.03 1.19** 
0.03 1 .oo 
analyzed growth characteristics and meat quality of kid 
carcasses from the Alpine breed. They reported small 
amounts of fat in kid carcasses in agreement with Kir- 
ton ( 1970) working with New Zealand feral goats, and 
Gaili et al. ( 1972) and Gaili ( 1978) studying carcass 
characteristics in Sudan desert goats and semi-desert 
areas of North Africa and the Middle East. Owen 
( 1975) studied meat-producing characteristics of the 
indigenous Malawi goat, Owen et al. ( 1978) reported 
on meat production characteristics of Botswana goats 
and Owen et al. (1983) analyzed the effects of body 
weight, body components and carcass development of 
Criollo goats in Northern Mexico. Studies on the meat 
production abilities of Saanen were made by several 
authors. McGregor (1980, 1982) researched growth 
and composition of wether goat carcasses and the 
growth of organ and body components. Treacher et al. 
( 1987) studied carcass compositions of castrate male 
Saanen and Saanen X Angora kids. Carcass composi- 
tion of New Zealand Saanen goats was analyzed by 
Colomer-Rocher et al. ( 1992). 
Serrana is one of the largest goat breed in NE Por- 
tugal, particmarly in Montesinho Park, and no infor- 
mation about this meat production is available. The 
purpose of this study was to evaluate meat potential of 
Serrana goats raised under harsh conditions in the 
mountains of the Montesinho Natural Park in NE Por- 
tugal. 
2. Materials and methods 
Sixteen males of the local Serrana goat breed were 
taken from different herds in Montesinho Natural Park 
in NE Portugal. Montesinho Natural Park is one of the 
largest protected areas in Portugal. Covering an area of 
75 000 ha and at altitude from 439 to 1486 m, Montes- 
inho Park is a succession of uplands and deep valleys. 
The characteristics of Serrana kids used are in Table 
1. Variations of BW from 6 to 22 kg correspond to a 
variation of carcass weight from 3.3 to 11 kg, providing 
a wide range of weights, according to various stages of 
development of the animals. 
The age of kids varied from 1.5 to 5 months and 
management of the kids was nursing milk from their 
dams for a long period but not being weaned. 
Kids were slaughtered in an experimental slaughter 
house of the Escola Superior Agrariade BraganGa, after 
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Table 3 
Allometric coefficients (b) of different body tissues in relation to 
empty BW (n= 16) 
fat weight as independent variables (x), the relative 
growth coefficients (b) for each carcass and body com- 
Body tissues (g) R= s;, sb b Table 5 
Omental fat 0.83 0.23 
Mesenteric fat 0.79 0.18 
Subcutaneous fat 0.83 0.12 
Intermuscular fat 0.92 0.08 
KKCF 0.81 0.23 
Muscle 0.98 0.03 
Bone 0.94 0.03 
*b#l forP<O.O5;**b#l forPIO.O1. 
0.36 2.94** 
0.29 2.05** 
0.18 1.50* 
0.13 1.66** 
0.36 2.s1** 
0.04 1.07 
0.05 0.76** 
Allometric coefficients (b) of different issues of carcass joints in 
relation to half carcass weight (n = 16) 
Tissue joints (g ) R= s;.x sb b 
Z-Q? 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
Table 4 
Allometric oefficients (b) of different fat carcass tissues in relation 
to total fat carcass (n= 16) 
Fat carcass tissues 
(g) 
Chump 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
KKCF 0.92 0.15 
Subcutaneous fat 0.90 0.09 
Intermuscular fat 0.99 0.02 
*b#l forP<O.O5;**b#l forPIO.O1. 
0.13 1.66** 
0.08 0.86 
0.02 0.95 
Loin 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
24 h fasting. Carcasses were cooled at 6°C for 24 h. 
After slaughter, contents were removed from the diges- 
tive tract, weighed and subtracted from BW to obtain 
empty BW. Omental, mesenteric, kidney knob and 
channel fat (KKCF - the perinephric and retroperi- 
toneal fat) were removed and weighed separately. Car- 
casses were halved carefully and the left side of the 
carcass was divided into eight standardized commercial 
joints: leg, chump, loin, ribs, anterior ribs, shoulder, 
breast and neck. The jointing procedure was outlined 
by Teixeira ( 1984) according to the commercial joint- 
ing and cutting system of Esta@o Zootecnica National 
- Fonte Boa (EZN-Portugal). Each joint was then dis- 
sected into muscle, subcutaneous fat, intermuscular fat, 
bone and remainder (major blood vessels, ligaments, 
tendons, and thick connective tissue sheets associated 
with some muscles). All 16 carcasses were evaluated 
and dissected. Tissue separation and carcass evaluation 
was according to standard methods and procedures for 
goat carcass evaluation by Colomer-Rocher et al. 
(1987). 
Ribs 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
Middle neck 
Muscle 
Interm. fat 
Bone 
Shoulder 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
Breast 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
Percentages of carcass tissues were calculated in 
relation to half carcass weight. Using BW, the empty 
BW, half carcass weight, total carcass fat and total body 
Neck 
Muscle 
Subcut. fat 
Interm. fat 
Bone 
0.98 0.28 0.04 0.98 
0.68 0.16 0.22 1.23 
0.73 0.12 0.18 1.08 
0.93 0.03 0.04 0.57** 
0.97 0.14 0.05 1.06 
0.89 0.11 0.16 1.64** 
0.86 0.11 0.16 1.4.5** 
0.84 0.06 0.09 0.73** 
0.97 0.04 0.05 1.081 
0.53 0.26 0.37 1.45 
0.79 0.18 0.26 1.88** 
0.89 0.07 0.10 1.04 
0.95 0.04 0.06 0.98 
0.52 0.26 0.38 1.48** 
0.91 0.09 0.14 1.60** 
0.69 0.09 0.13 0.71** 
0.93 0.05 0.07 0.96 
0.85 0.11 0.16 1.46* 
0.57 0.12 0.17 0.74 
0.98 0.03 0.04 0.87** 
0.58 0.16 0.23 0.96 
0.82 0.11 0.16 1.27 
0.92 0.04 0.05 0.65** 
0.97 0.04 0.05 1.11 
0.68 0.24 0.05 1.87** 
0.92 0.10 0.34 1.s4** 
0.85 0.06 0.15 0.72** 
0.96 0.04 0.05 0.91 
0.41 0.29 0.42 1.31 
0.89 0.10 0.15 1.5s** 
0.91 0.06 0.08 0.92 
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Table 6 
Allometric coefficients (b) of carcass tissues in relation to half car- 
cass weight (n= 16) 
Carcass tissues (g) RZ z % Sb b 
Muscle 0.99 0.02 0.03 0.98 
Subcutaneous fat 0.8609 0.10 0.15 1.39* 
Intermuscular fat 0.9427 0.07 0.10 1.53** 
Bone 0.94 0.03 0.05 0.69** 
KKCF 0.81 0.23 0.33 2.58** 
*b# 1 forP<0.05; **b# 1 forP<O.Ol. 
Table 7 
Allometric coefficiens (b) of different body fat deposits inrelation 
to total body fat (n = 16) 
Body fat deposits 
(8) 
R2 2 %X -% b 
Omental fat 0.98 0.09 0.06 1.48** 
Mesenteric fat 0.94 0.09 0.07 1.04 
Subcutaneous fat 0.89 0.09 0.07 0.72** 
Intermuscular fat 0.97 0.05 0.04 0.79** 
KKCF 0.93 0.14 0.10 1.39** 
*b# 1 forPzz0.05; **b# 1 forP<O.Ol. 
ponent (y) were calculated from the equation of Hux- 
ley ( 1932) : log y = b log xi- log a. Significance of 
differences of allometric coefficients was determined 
Tissues (g) 
using the confidence intervals for each one (Steel and 
Torrie, 1982). 
3. Results and discussion 
Means and standard errors of all characteristics are 
shown in Table 1. They had substantial variation and 
this allows for the accurate calculation of the different 
allometric coefficients. 
Table 2 shows the allometric coefficients of each 
carcass joint in relation to half carcass weight. The 
analyses verified that the shoulder (b = 0.84; P I 0.01, 
different from 1 .O) and leg (b = 0.90; P I 0.01, differ- 
ent from 1 .O) are earlier developing than the loin and 
breast with allometric coefficients 1.16 and 1.19 
(P 5 0.01, different from 1.0) , respectively, indicating 
later developing. These results agree with results 
obtained by Morand-Fehr et al. ( 1976) who worked 
with Alpine kids, and Teixeira and Azevedo (1989) 
with sheep. The data confirm the general suppositions 
of Hammond Jr. et al. ( 1974) that long bones are earlier 
developing. The other joints had allometric coefficients 
not (P 2 0.05) different from 1 .O. 
The allometric coefficient of head weight, calculated 
in relation to empty BW (b = 0.69; P < 0.0 1)) confirms 
an early developing in relation to empty BW and, in 
1 2 3 4 5 6 
Half carcass weight (kg) 
Fig. 1. Tissue variation in relation to half carcass weight. 
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agreement with results from Teixeira ( 199 1) , indicat- 
ing that the head is the body region with an earlier 
development. 
To know the different carcass tissues in growth, Fig. 
1 and Table 3 were organized. Muscle was isometric 
(b = 1.07; not, P 2 0.05, different from 1 .O) and bone 
was the most precocious tissue in relation to empty 
BW, (b = 0.76; PI 0.01, different from 1 .O) . Different 
fat deposits were later developing, with allometric coef- 
ficients higher (P I 0.01) than 1 .O, and the order of fat 
deposition was: subcutaneous fat, intermuscular fat, 
mesenteric fat, KKCF and omental fat. The results con- 
firm the conclusions by Wilson (1958a,b), Morand- 
Fehr et al. (1976), Owen et al. (1978) and 
Colomer-Rocher et al. ( 1992) that growth of bone is 
faster than that of the rest of carcass and growth rate of 
muscle was comparable to the whole carcass, while fat 
was deposited more and more during later growth. 
Subcutaneous and the intermuscular fat deposits, 
which were late developing in relation to empty BW, 
were isometric in relation to total fat carcass (Table 4) 
in agreement with growth coefficients for intermuscu- 
lar fat, not for subcutaneous fat as reported by Colomer- 
Rocher et al. (1992) on New Zealand Saanen males. 
The other fat deposit, the KKCF, was late developing 
in relation to empty BW. 
About the different tissues in each carcass joint 
(Table 5) the results showed the general tendency of 
bone to grow earlier than other tissues, mainly the bone 
in leg and shoulder, the long bones of skeleton, 
(b = 0.57 and b = 0.65; PI 0.01, different from 1 .O), 
in agreement with results in Table 3. An exception of 
bone growth was the bone in loin, which was isometric 
in relation to half carcass weight. Muscle was isometric, 
but the muscles in shoulder had a tendency to grow 
earlier (b =0.87; PI 0.01) than the others. All fat 
deposits in the different carcass joints (with the excep- 
tion of fat deposits in leg and shoulder and subcutane- 
ous fat in loin and neck), had allometric coefficient 
higher (PI 0.01) than 1.0. Sites of the later subcuta- 
neous fat deposition were the breast and chump, 
whereas the later intermuscular fat depositions were in 
loin and breast. These results agree with Morand-Fehr 
et al. (1976) on growth characteristics and quality of 
kid carcasses from the Alpine breed. Variations of mus- 
cular proportions in different parts of carcass were 
larger in kids, especially in the anterior part, breast, 
shoulder, anterior ribs and neck. 
Table 6 shows relative growth coefficients of carcass 
tissues in relation to half carcass weight. As indicated 
in other tables, muscle was isometric and bones grew 
earlier than fat carcass deposits, mainly KKCF, that 
was the last fat deposit developed. The results suggest 
that intermuscular fat was later developing than sub- 
cutaneous fat in spite of different data by Colomer- 
Rocher et al. ( 1992). In terms of total carcass fat, the 
results confirm the supposition by several authors that 
subcutaneous fat in goats is less important than inter- 
muscular. The data agree with Gaili et al. (1972) that 
fat development is relatively poor in goats. 
The relative growth coefficients of body fat deposits 
in relation to total body fat (Table 7) suggest that the 
subcutaneous and intermuscular fats are earlier devel- 
oping than the omental and KKCF. The mesenteric fat 
accompanied the total body fat growth. 
4. Conclusions 
From the results under the experimental conditions 
we conclude that: the least important fat deposit in kid 
carcasses was subcutaneous fat; the carcass joints with 
earlier development were leg and shoulder; bone was 
a tissue with a very precocious growth, mainly the 
bones in leg and shoulder; all fat depots were earlier 
developing in relation to empty BW and half carcass 
weight; intermuscular fat was later developing than 
subcutaneous fat, in relation to half carcass weight; in 
order of fat body deposits the development was: sub- 
cutaneous, intermuscular, KKCF and omental fat; sub- 
cutaneous and intermuscular fats were early developing 
in relation to total carcass fat and total body fat. 
The higher proportion of muscle and lower propor- 
tion of subcutaneous and intermuscular fat deposits 
indicate the potential of the Serrana breed as a source 
of lean meat, according to meat consumption prefer- 
ences of the Mediterranean people of the European 
Union. Although Serrana goat growth may not be as 
rapid as other improved breeds, with modest care and 
minimum investment they can produce good yields of 
meat and improve income for rural communities. 
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deposiciones de grass intermuscular mh tardias tuvieron lugar en el lomo y pecho. Los resultados indicaron que la grass intermuscular two un 
desarrollo rnk tardio que la grasa subcukinea. 
R6sumC 
Teixeira, A., Azevedo, J., Delfa, R., Morand-Fehr, P. and Costa, C., 199.5. Croissance et developpement des chevreaux de race Serrana du Part 
Nature1 de Montesinho (NE du Portugal). Small Rumin. Res., 16: 263-269. 
Le principal objectif de cette etude Ctait d’kvaluer la composition des carcasses des chevreaux de race Serranaet de determiner les coefficients 
d’allomdrie au niveau des diffkrents tissus du corps et de la carcasse. Pour tialiser ce travail, 16 chevreaux de race locale appelke Serrana on 
BtC utilisks, ayant Bt6 choisis parmi difftkents troupeaux du Part Nature1 de Montesinho, situ& au NE du Portugal. L’Cpaule et le gigot ont eu un 
dkveloppement plus prtkoce que le dos et que le carre couvert. IX coefficient d’allomkrie du poids de la t&e (b = 0,69; PI 0.01) a confirm6 
son dkveloppement prkoce par rapport au poids vif vide. Le muscle a CtC isomkique (b = 1.07; significativement pas diffkrent de 1 ,O, pour 
P 5 0,05) et 1’0s s’est av6rk le tissu le plus prkcoce par rapport au poids vif vide (b = 0,76; significativement different de 1 ,O, pour P < 0.0 1) . 
En ce qui concerne les diffkrents dCp6ts de gras, il faut dire qu’ils ont eu un dkveloppement rudif, en ayant des coefficients allom&riques 
signilicativement plus &v& que 1.0 (Ps 0.01). et l’ordre du dBp6t de gras par rapport au poids vif vide a BtB le suivant: sous-cutane, 
intermusculaire, mCsentCrique, pelvico-tinal et omental. NCanmoins, les dkpbts de gras sous-cutane et intermusculaire, qui avaient eu un 
dkveloppement ardif par rapport au poids vif vide, ont 86 isomkriques par rapport au total du gras de la carcasse. Tous les depBts de gras des 
diffkrents pikes de la carcasse ont eu des coefficients allom&riques significativement plus &vvCs que 1 ,O, (PI 0.0 1) . Les pikes ob le depat 
du gras sous-cutane a &t? plus tardif ont BtB le carrk dkcouvert et la selle, tandis que les depbts du gras intermusculaire plus tardif ont eu lieu au 
niveau du dos et de la poitrine. Les tisultats ont indiqu.4 que le gras intermusculaire a eu un dkveloppement plus tardif que le gras sous-cutank. 
